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(54) Organic electroluminescent element 



(57) An organic electroluminescent element (1) in which an anode (13), a hole transport layer (15), a 
light-emitting layer (17) and a cathode (19) are laminated in this order, wherein the cathode comprises a 
metal block portion or portions (19A) comprising a metal having a high work function and a metal block 
portion or portions (19B) comprising a metal having a low work function, both of the metal block 
portions of the metal having a high work function and of the metal having a low work function being in 
contact with the light-emitting layer (17), and a process for preparing the same by using the technique of 
vapor-deposition. 

The present invention can provide an El element which can give a higher luminance and longer 
lifetime than those proposed conventionally with a low applied voltage in the constitution of an anode/a 
hole transport layer/a light-emitting layer/a cathode, and, with no restriction of material used. 
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The invention relates to an electroluminescent element industrially useful for display devices. 

Recently, an electroluminescent element (referred to as "EL element" hereinafter) has been noticed for 
the application as a luminescent device in various display equipments, as it is high in visual condition for its 
self luminescence and excellent in shock resistance for its perfect solid nature. 

EL elements are classified into inorganic ones using inorganic compounds for emitter material and organic 
ones using organic compounds for light-emitting material. Among them, applied voltage can be largely lowered 
for the organic EL elements and researches for their commercialization are actively under way. 

The principle of the organic EL elements is based on the phenomena that electrons and positive holes, 
injected from a negative electrode and a positive electrode respectively, recombine each other in the organic 
light-emitting layer, thereby generating excitons, which are excited states of the emitter material. The thus gen- 
erated excitons diffuse in said light-emitting layer, which then emit light when it is deexcited to its ground state. 
Therefore, the wavelength of emitted light is only dependent on the difference in energy between the ground 
state and the excited states. 

As is obvious from the above principle, it is not necessary to apply an AC voltage to organic EL elements, 
and moreover, it is possible to obtain light of any desired color since there exist innumerable organic com- 
pounds, from which a suitable light-emitting material can be selected. 

The constitution of said organic EL elements is basically (1) an anode/a light-emitting layer/a cathode, 
(monolayer type). Constitutions in which a hole transport layer or an electron transport layer is provided ap- 
propriately are also known, for example, a constitution of (2) an anode/a hole transport layer/a light-emitting 
layer/a cathode (see Fig. 2), (3) an anode/a light-emitting layer/an electron transfer layer/a cathode and that 
of (4) an anode/a hole transport layer/a light-emitting layer/an electron transfer layer/a cathode (multilayer 
types). 

As the material for the light-emitting layer used in the element (1), it is required that it has a strong fluor- 
escence by itself and has high abilities of transporting both hole and electron and further has an ability of re- 
ceiving them from both electrodes efficiently. However, no substance satisfying these functions has been 
known and even a substance barely satisfying the conditions gives an element of very unsatisfactory perfor- 
mance. 

While an electron transfer layer is required in the element of types (3) and (4), organic compounds having 
electron transport ability to be used in the layer are generally unstable. When an organic EL element is prepared 
by using them, the life of the element is very short. 

On the other hand, in the element of type (2), organic compounds stable and high in hole transport activity 
have been widely known in the fields including electrophotographic photosensitive materials. Studies on the 
preparation of organic EL elements have been widely made by using them. Conventionally, many efforts had 
been made especially for seeking a new light-emitting material (for example, Japan Patent Laid-open No. 
245087/1989) and further for an optimization between the light-emitting materials and the hole transport ma- 
terials or for seeking a new hole transport materials suitable to organic EL elements (for example, Japan Patent 
Laid-open No. 54288/1991). However, many of them are restricted in the use due to their low luminescence 
and short life. 

As a recent example, Takeuchi et al tried to increase the luminance of aluminoquinoline (AIQ 3 ) by using 
an amorphous hole transport layer and by doping to the light-emitting layer [Polymer Preprint, Japan Vol. 40, 
Nos. 5-11, E961 (1991)]. It is known, however, that luminance can be increased by means of doping [C.W. Tang 
et al., J. Appl. Phys., 65 (1989) 3610-3616]. The study by Takeuchi is in principle the same as Tang's in view 
of the improvement in the emitting layer. 

Minato et al studied on the work function of cathode materials, especially its influence upon the injection 
efficiency of electrons from the cathode to the light-emitting layer thereby using a metal of low work function 
as the cathode, AIQ 3 as the light-emitting material and tetra-aryl diamine as the hole transport layer [Polymer 
Preprint, Japan, Vol. 40, Nos. 5-1 1 , E963 (1 991 )]. Minato adopted the two methods to increase the luminance. 
One of the method is to fabricate the cathode by using an alloy of two kinds of metals having low work function 
by covapor deposition. The second method by Minato adopts the cathode comprising an alloy of Mg having 
low work function and Ag of high work function (C.W. Tang et al., Appl. Phys. Lett., 51(1987) 913-915). This 
method adopts codeposition of Mg and Ag, and follows the study of C.W. Tang et al in 1987. While Minato et 
al concluded that lower work function gives higher injection efficiency of electrons and higher quantum yield 
of light emission, they failed to obtain satisfactory results by using other metal species than Li alloy according 
to the corresponding Japanese preprints [Polymer Preprints, Japan, Japanese edition, Vol 40, No. 10, 3582 
(1991)]. 

Imai et al obtained a luminance of a few ten thousands cd/m 2 according to Polymer Preprints, Japan Vol 
40, Nos. 5-11, E-969 (1991) in a similar manner to Takeuchi et al as mentioned above. The quantum yields 
shown by Takeuchi [Polymer Preprints, Japan, Japanese edition Vol 40, No. 10, 3602 (1991)] is the same value 
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as Tang's (C.W. Tang et al., J. Appl. Phs., 65 (1989) 3610-3616), and no improvement is given. 

An object of the present invention is to provide an EL element which can give a higher luminance than 
those proposed conventionally with a low applied voltage of an anode/a hole transport layer/a light-emitting 
layer/a cathode, and, with no restriction of material used. 
5 Another object of the present invention is to provide an EL element of longer life than the conventional EL 

elements. 

Fig. 1 (a) to Fig. 1 (c) show conceptionally examples of the layer structure of the organic EL element of 
the present invention. 

Fig. 2 shows conceptionally an example of the layer structure of a conventional organic EL element. 
10 Fig. 3 shows an illustration of a vacuum coater which may be used for producing the EL element of the 

present invention. 

Fig. 4 is a graph illustrating luminance-bias voltage characteristics of the element of the present invention 
as compared with a comparative example. 

Fig. 5 is a graph illustrating the decay of the EL intensity with the lapse of time. 
15 Fig. 6 is a photograph showing the discontinuous membrane structure of Au obtained in Example 16. 

The present invention is an organic electroluminescent element (1 ) in which an anode (13), a hole transport 
layer (15), a light-emitting layer (17) and a cathode (19) are laminated in this order, characterized in that said 
cathode comprises a metal block portion or portions comprising a meta! having a high work function (herein- 
after referred to as "Metal A") and a metal block portion or portions comprising a metal having low work function 
20 (hereinafter referred to as "Metal B M ), both of the metal block portions of Metal A and Metal B being in contact 
with the surface of the light-emitting layer (17). 

The manner of providing the metal block portions of Metal A and Metal B is not limited to that shown in 
Fig. 1 (a), as long as the light-emitting layer is in contact with both of the metal block portions of Metal A and 
those of Metal B, and may include also the manner of the cases as shown in Fig. 1 (b) and Fig. 1 (c). 
25 Here, the term "metal block portion" means that atoms of a metal are aggregated to form a block or blocks 

of the metal, as conceptionally shown in Figure 1 (a) to Fig. 1 (c). These means atoms of Metal A and Metal B 
do not form an alloy such as a solid solution, an eutectic mixture, an intermetallic compound or a combination 
thereof as usually formed when Metal A and Metal B are co-deposited by vacuum deposition, i.e., when Metal 
A and Metal B are vaporde posited simultaneously onto a substrate. It should be noted here that such an alloy 
30 possesses a work function which is different from any work function of each metal constituting the alloy. 

In the present invention, each of the metal block portions of Metal A and of Metal B maintains the inherent 
work function of Metal A or B. 

The metal block portion or portions of Metal A and Metal B are formed on the surface of the light-emitting 
layer by any chemical, physical or physico-chemical method known to the art. For instance, techniques of va- 
35 por-deposition to form a thin film, etching of the film and further deposition of the second metal may be applied 
for the desired purpose. 

The cluster beam deposition method may be applied for the purpose of forming the metal block portion 
or portions according to the present invention. 

Also, painting or printing technique may be used to form metal block portions on the light-emitting layer. 

40 in order to obtain the desired structure of the block portions of Metal A and Metal B, it is most preferred 

to form a discontinuous membrane of Metal A by vapordepositing Metal Awhile observing the formation pro- 
gress and the structure of the membrane being formed, followed by further deposition of Metal B onto the dis- 
continuous membrane of Metal A. It is well-known to the art that, at the initial stage of the membrane formation 
by vapordeposition, many metals form a discontinuous membrane. So, the membrane thickness of Metal A 

45 may be a good measure to determine whether the desired discontinuous membrane of Metal A can be obtained 
or not. However, in cases where the vapordeposition of Metal A is to be attained under reduced pressure (in 
vacuo), it is generally difficult to predict the state of the deposition of Metal A, because the manner of depos- 
ition, in particular, the manner of discontinuous membrane deposition depends strongly on the kind of metals 
to be deposited, the combination of a metal with the light-emitting layer, the temperature of the substrate, the 

50 deposition rate and so on. 

In a preferred embodiment to form the cathode according to the present invention, the cathode is formed 
by vapordepositing Metal A onto the surface of the light-emitting layer to form an extremely thin membrane, 
the thickness of which is preferably in the range of 2 A to 200 A, more preferably in the range of 5 A to 150 A, 
further more preferably in the range of 5 A to 100 A and which does not form a uniform integrated membrane 

55 but form a broken, discontinuous membrane or islands-like pattern of Metal Aon the light-emitting layer, and 
by vapor-depositing further Metal B to fill with Metal B the broken part or parts between the islands of Metal 
A, bringing the portion or portions of Metal B into contact with the surface of the emitting layer. 

Be noted here that the thickness of the islands pattern of Metal A is different depending upon the kind of 

3 
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Metal A to be deposited. 

The thickness of the layer of Metal B is not critical as long as it possesses electroconductivity, but it would 
be sufficient if the thickness is at least 500 A. 

Although the cathode as shown in Fig. 1 (a) may be formed as explained and described above, the cathode 
as shown in Fig. 1 (b) may be formed preferably by first depositing Metal B to form a discontinuous membrane 
of Metal B followed by formation of the film of Metal A, according to the same manner as in the above case 
shown in Fig. 1 (a) except that Metal A and Metal B in Fig. 1 (a) are transposed with each other. 

The ratio of the contact area of Metal A with the light-emitting layer relative to the contact area of Metal B 
is not particularly critical. However, the percentage of the former relative to the latter may preferably be 2 to 
98 %, more preferably 5 to 97 %, most preferably 7 to 95 %, while it depends on the kinds of metals to be de- 
posited, combination of Metal A and Metal B, and so on. 

In cases where Au is used as Metal A, the relationship between the membrane thickness of Au and the 
percentage of the area of Au relative to the light-emitting layer is determined based on the result of observation 
with an electron microscope (e.g., see Fig. 6), and the results are shown in the following table. 



membrane thickness of Au (A) 


percentage of the area of Au (%) 


5 


27.2 


20 


61.7 


50 


93.6 


80 


96.7 



The term "work function" means the value ($) obtained by the Photoelectron Emission Method as descri- 
bed, for example, in Kagaku Binran 3rd edition (by The Chem. Society of Japan) and CRC Handbook of Chem- 
istry and Physics. 

The term "high work function" for Metal A means the value (<(> A ) may preferably be above 4.2 eV ( and the 
term "low work function" for Metal B means the value (<() B ) may preferably be not greater than 4.2 eV. Further, 
in the present invention, Metal A and Metal B should be selected such that the reference between <{> A and <|> B , 
Le. t ()) A -<j) B is at least 0.4 eV, preferably between 0.4 and 2.5 eV, more preferably between 0.5 eV and 2.0 eV. 
In other expressions, the preferably range is 2.5 eV^<j> A -<|> B s0.4 eV, and the more preferably range is 2.0 eV^<|> A - 
(t> B ^0.5 eV. So, as long as the difference $ A -<k B is at least 0.4 eV, Metal A and Metal B may be selected from 
those having any work function. So, Al (Aluminium) having a work function of 4.28 may be employed as Metal 
A or Metal B depending upon the metal to be combined with Al, Al (<)>=4,28 eV) can be used as Metal A when 
Mg (<[>=3.66) is employed as Metal B. And Al may be used as Metal B when Au (<|>=5.1) is employed as Metal 
A. 



The following Table lists up Metal A and Metal B to be employed in the present invention. 



Metal A of high work function 
(♦a) 


Metal B of low work function (<|> B ) 


Combination of Metals A and B (<|> A - 
+b) 


Au (5.1) 


Al (4.28) 


Au-Mg (1.44) 


Ag (4.26) 


Mg (3.66) 


Ag-Mg (0.60) 


Cu (4.65) 


In (4.09) 


Cu-Mg (0.99) 


Al (4.28) 


Mn (4.1) 


Al-Mg (0.62) 


Pd (5.55) 




Pd-Mg (1.89) 


Pt (5.64) 




Pt-Mg (1.98) 


Ni (5.15) 




Au-AI (0.82) 






Au-ln (1.01) 






Ni-Mg (1.49) 



As the metal having a high work function, there may be preferably mentioned Ni, Au, Pt, Pd, Ag, Cu and 
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alloys thereof. More preferably are mentioned Pt, Pd, Ni and Au. 

As the metal having a low work function, there may be preferably mentioned Li, Na, K, Al, Mg, Mn, In and 
alloys thereof. More preferable ones are Li, In, Al and Mg and alloys thereof. 

As each hole and light-emitting layers, it is preferred to use a material which conducts selectively the hole 
5 or the electron and is as uniform as possible when made into a thin membrane and contains substantially no 
pinhole. The hole or the electron injected from the anode (13) or the cathode (19) is recombined in the light- 
emitting layer (17) to give luminescence. 

Any known material can be used as the hole transport layer (15). For example, those usable include, triazol 
derivatives, oxadiazol derivatives, imidazol derivatives, pyrazoline derivatives, pyrazolone derivatives, hydra- 
10 zone derivatives, stilbene derivatives, tertiary aromatic amine compounds, styryl amine compounds, various 
phthalocyanines of metals and nonmetals as well as their derivatives (see for example Japanese Laid-open 
Pat. Publn. No. 54288/1991). 

The membrane thickness of the hole transport layer (15) and the light-emitting layer is preferably each in 
the range of 10 to 200000 A. A membrane thickness less than 10 A tends to leak the hole and the electron 
15 respectively to the cathode (19) and the anode (13) and is feared that it gives no luminescence. A membrane 
thickness more than 200000 A prevents arrival of the hole and the electron to the recombining region to cause 
no luminescence. 

Any known material can be used as the light-emitting layer (17) (see for example Japanese Laid-open Pat. 
Publn. No. 256584/1989). There is no restriction if it has a high fluorescence and susceptible to injection of 

20 holes and electrons in a, state of solid thin membrane condition and it can form a uniform thin membrane and 
said thin membrane is stable for a long period. 

The hole transport layer (15) and the light-emitting layer (17) can be constituted of a plural of components 
at least two respectively. For this purpose, the methods include, for example, a co-deposition of the materials 
used in each layers and an application of a mixture of each materials as the depositing source. Although crys- 

25 tailization of each organic layers has been mentioned to be a cause of deterioration of the organic EL element, 
crystallization of each components can be prevented and the life can be prolonged by using the above- 
mentioned method. 

As a material for the anode (13), there may be used any known material which can attain the purpose of 
the present invention. However, a conductive material having a high work function is used for the anode (13) 

30 to improve the hole injection efficiency into the hole transport layer (15). It is also preferred that the anode 
(13) layer has a high transmittance in the wave length region of the luminescence to bring out efficiently the 
luminescence irradiated from the light-emitting layer (17). Typically, a thin film of nickel, platinum, palladium 
and their alloys, ITO (indium tin oxide) and Sn0 2 (stannic oxide) may preferably be employed. In the case of 
an anode material originally opaque in the visible ray region such as nickel and gold, it is essential that the 

35 film thickness is made to be ca. 10 to 200 A to assure the transmittance. 

Some materials may cause deterioration of the characteristics due to a dradual oxidation and moisture ab- 
sorption when stood in air. Hence, a protective layer may be provided if required or the whole element may be 
included in a cell and the cell may be filled with silicone oil. 

A further object of the invention is a process of the preparation of an organic electroluminescent element 

40 comprised of an anode, a hole transport layer, a light-emitting layer and a cathode layer laminated in this order, 
characterized in that the cathode layer is formed on the light-emitting layer by firstly depositing by vacuum 
deposition a metal having a high work function to such a membrane thickness to form a discontinuous mem- 
brane of the metal having a high work function and subsequently depositing by vacuum deposition a metal hav- 
ing a low work function on the metal having a high work function, whereby both of the deposited metal having 

45 a high work function and the deposited metal having a low work function are brought into contact with the light- 
emitting layer. Another object of the invention is a process of the preparation of an organic electroluminescent 
element comprised of an anode, a hole transport layer, a light-emitting layer and a cathode layer laminated in 
this order, characterized in that the cathode layer is formed on the light-emitting layer by firstly depositing by 
vacuum deposition a metal having a low work function to such a membrane thickness to form a discontinuous 

so membrane of the metal having a low work function and subsequently depositing by vacuum deposition a metal 
having a high work function on the metal having a low work function, whereby both of the deposited metal 
having a high work function and the deposited metal having a low work function are brought into contact with 
the light-emitting layer. 

The organic thin membrane EL element according to the present invention is prepared by laminating each 
55 layers described above on the surface of a substrate (11). The membrane can be formed by casting method 
and Langmuir - Blodgett's method (LB method) and others. However, especially preferred is vacuum depos- 
ition. Fig. 3 shows a schematic illustration of such a vacuum coater. For the deposition of an anode on the sub- 
strate, the material for the anode is heated to a temperature higher than its melting point and evaporated by 

5 
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electron beam heating in the case a high-melting material such as ITO is used and by resistance heating in 
the case a relatively low-melting material such as gold is used. The vacuum during deposition is preferably 
1x10~ 3 Torr or less, more preferably 1x10~ 5 Torr or less. The distance between the deposition source (20) and 
the substrate (11) is preferably not less than 15 cm. To prepare a uniform dense membrane when the hole 

5 transport layer, the light-emitting layer and the cathode are successively deposited, it is required to control 
precisely the deposition source boat temperature, the depositing rate and the substrate temperature in accor- 
dance with the material used. 

In the case of forming the organic layers of said EL element by casting method, the emitting-layer com- 
prises at least one light-emitting material and optionally contains hole transport material, electron transport ma- 

w terial and resinous binder. The hole transport layer com prises at least one hole transport material and optionally 
contains a resinous binder. The electron transport layer comprises at least one electron transport material and 
optionally contains a resinous binder. The casting method is for example described in Japan Patent Laid open 
No. 2096/1992. 

As the resinous binder, polycarbonate (bisphenof A, S or Z type), polyester, polyethylene, polystyrene, 
15 polyvinylcarbazole, polyvinyl butyral, polyallylate, polyvinylalcohol, polyacrylonitrile, polyacrylamido, polyami- 
do, vinylchloride, vinylacetate, vinylidene chloride, methacryl resin, acryl resin, phenol resin, epoxy resin, alkyd 
resin, silicone resin and phenoxy resin can be exemplified. Single compound or a mixture containing two or 
more of the compounds mentioned above are used as the binder. 

In the case of laminate type, the binder used in the lower layer must have chemical resistance to prevent 
20 dissolution to the upper layer at coating thereof. For such purpose, use of silicon resins having good chemical 
resistance is recommended. Polyfunctional monomers can become chemical resistant by curing it in the form 
of a three dimensional structure after coating. 

As a method for forming films of each organic layer, Immersion coating, Spin cast coating, Spray coating 
and Bar coating can be referred to. 
25 Preferred thickness of the films in the formation of layers and EL element (by the casting method) are as 

follows. 

In the case of the monolayer type (1), the preferred thickness of the film of the light-emitting light is 0.02- 
5 urn. The film thickness of 0.01-2 ^m is preferred for each organic layer of the multilayer types (2) - (4), and 
thickness of no more than 5 urn is preferred for whole organic layers. 
30 The applied voltage for the luminescence of the EL element is generally in the range of 4 volts to 30 volts 

and preferably 4 volts to 20 volts in the present invention to maintain the life. 

Example 1: 

35 On an ITO glass substrate (made by Matsuzaki Shinku Co., ITO film thickness 2000 A, sheet resistance 

10 Q/cm 2 ), Compound (I) represented by the following formula is deposited as a hole transport substance by 
vacuum deposition under a vacuum of 6.0x1 0- 6 Torr and at a depositing rate of 0.8 A/sec to a membrane thick- 
ness of 500 A to form a hole transport layer (15). 



40 



50 



3 H 3 C 



CH 



3 



\-rs—rs—/ m 



CV Xr\ 



Then, on the hole transport layer (15) thus prepared, Compound (1) represented by the following formula 
is deposited as a light-emitting material under a depositing condition of 6.0x10-* Torr and 0.8 A/sec to a mem- 
brane thickness of 500 A to form a light-emitting layer (17). 



55 
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Then, on the light-emitting layer (17), gold as a cathode layer A(19A) is deposited under a vacuum of 5.0x 
10- 6 Torr and a depositing rate of 0.1 A/sec to a film thickness of 5 A. 

Then, magnesium as a cathode layer B (19B) is deposited on it to a film thickness of 2000 A. 

By using the ITO side as the anode (13) and the magnesium side as the cathode (19), a bias of 10 V is 
15 applied to the above element. Aluminescence showing a luminance of 1620 cd/m 2 is confirmed as the average 
value of five elements. For determination of luminance, Luminometer LS-110 manufactured by Minolta Camera 
Co. Ltd. is used. 

Examples 2 to 11: 

20 

The hole transport substances, the light-emitting substances and the cathode film thicknesses and others 
are shown in Table 1. Other experimental conditions are made to be the same as in Example 1. The organic 
materials used for the experiments are as follows: 

25 <Hole transport material> 



30 



35 



40 



45 



50 
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<Light-emitting material> 




<Electron transfer layer material> 

50 




(El) 
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Tabic 1 The figures in ( ) show membrane thickness (A) 

Cathode Luminance 
layer B (when 10 V 

is applied) 
(cd/m 2 ) 



Exam- Material for Material for Cathode 

pie the hole the light- layer A 

transport emitting 

layer layer 



1 


1(500) 


1 (500) 


Au (5) 


Mg (2000) 


1620 


2 


1(500) 


1 (500) 


Au (150) 


Mg (2000) 


1440 


3 


1(500) 


1 (500) 


Au (20) 


Mg (2000) 


2978 


4 


1(500) 


1 (500) 


Ag (20) 


Mg (2000) 


1725 


5 


1(500) 


1 (500) 


Cu (20) 


Mg (2000) 


1382 


6 


1(500) 


1 (500) 


Al(20) 


Mg (2000) 


1330 


7 


1(500) 


1 (500) 


Pd (20) 


Mg (2000) 


3677 


8 


1(500) 


1 (500) 


Pt (20)* 


Mg (2000) 


3868 


9 


I (750) 


2(1000) 


Au (20) 


Mg (2000) 


883 


10 


II (500) 


1 (500) 


Au (20) 


Al (2000) 


2752 


11 


III (500) 


3(500) 


Au (20) 


In (5000) 


926 



* By electron beam deposition 
Example 12: 

When a voltage of 12 V is applied to the element prepared by Example 3, a luminescence showing a lu- 
minance of 11,300 cd/m 2 is confirmed. 

Example 13: 

The element is prepared in the same manner as in Example 3 except that Ni is used in replacement of Au. 
When a bias voltage 10 V is applied to the element, a luminescence showing a luminance of 1756 cd/m 2 as 
the average value of five elements is confirmed. 

Comparative Examples 1 to 5: 

Elements are prepared in completely the same manner as in Example 1 except that the cathode layer A 
is not provided. The results as shown in Table 2 are obtained by the constitutions shown in the Table. 
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Table 2 The figures in ( ) show membrane thicknesses (A) 



Comparative 

Example 

against 

Examples 1 to 1 1 



Material 
for the 
hole 

transport 
layer 



Material 
for the 
light- 
emitting 
layer 



Cathode 



Luminance 
(when 10 V 
is applied) 
(cd/m 2 ) 



1 (to Ex. 1-8) 


1(500) 


1 (500) 


Mg (2000) 


1104 


2 (to Ex. 9) 


H (750) 


1 (1000) 


Mg (2000) 


527 


3 (to Ex. 10) 


11(500) 


1 (500) 


Al (2000) 


1262 


4 (to Ex. 11) 


111 (500) 


3 (500) 


In (5000) 


599 


5 An example of 


1(500) 


1 (500) 


Mg:Ag * 


1212 


using alloy in 






10:1 




Comparative Ex. 1 






(2000) 





* An alloy by codeposition 



Comparative Example 6: 

A voltage of 12 V is applied to the element prepared by Comparative Example 1. A luminance of 2100 
cd/cm 2 is attained. 

As obvious from the investigation of the results of Examples and Comparative Examples, a high luminance 
can be attained by preparing a cathode by laminating a cathode layer A comprising a metal having a high work 
funciton and a cathode layer B comprising a metal having a low work function on a light-emitting layer in this 
order. It means that from the viewpoint of the same luminance, the element can be actuated at a lower voltage 
than the conventional examples and thus heat evolution is prevented to prolong the life or longevity of the 
element. 

Example 14 and Comparative Example 7: 

With respect to elements which are the same as in Example 3 except that the membrane thickness of the 
positive hole transport layer and the light-emitting layer are made to be 250 A, respectively, the effect of Au 
block portions (Au membrane thickness being 20 A) is investigated. The relationships of the applied bias vol- 
tage (V) and the luminance (cd/m 2 ) for respective elements are illustrated in Fig. 4, from which it can be un- 
derstood that the electroluminescent element according to the present invention shows higher luminance and 
can be operated under lower bias voltage. 

Example 15 and Comparative Example 8: 

To the same elements as prepared in Example 3 and Comparative Example 1 , respectively, there is applied 
a constant electric current of 50 mA/cm 2 and luminance is determined every ten minutes by using Luminometer 
LS-110 manufactured by Minolta Camera Co., Ltd. 

The results are illustrated in Fig. 5, from which it can be understood that the element according to the pres- 
ent invention can maintain higher luminance for longer period of time as compared with the comparative ele- 
ment. 
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Example 16: 

Onto an ITO glass substrate, there are vapor-deposited the positive hole transport compound (I) to a mem- 
brane thickness of 250 A, subsequently light-emitting material (1 ) to a membrane thickness of 250 A followed 
by vapor-deposition of gold (Au) to a membrane thickness of 20 A. In order to investigate the state of the thus 
deposited Au, the following experiment is carried out. Namely, onto the surface of the sample carrying the 
thus deposited Au, there is further vapor-deposited carbon under a reduced pressure of around 1.3x10" 5 Torr 
to a membrane thickness of around 200 A. The sample carrying the resulting vapor-deposited film is immersed 
gently in acetone to dissolve the organic substance carried by the carbon. Then, the sample is transferred to 
a vat containing distilled water. The film which peales off and floated is scooped up on a commercially available 
copper mesh (150 mesh) for the use of observation with an electron microscope, and is observed by using a 
transmission type electron microscope (manufactured by JEOL Ltd., Japan; model: JEM-2000FX), under an 
accelerating voltage of 100 kV, with a direct magnification of 3x1 0 5 . As the result, the discontinuous Au de- 
position as shown in Fig. 6 is confirmed (see Fig. 6). This means that, when Metal B such as Mg having a low 
work function is vapor-deposited on the discontinuous gold membrane, both of the Au and the Mg will come 
into contact with the surface of the light-emitting layer. 

In this specification, the thickness of the discontinuous membrane, which is formed by the vapor-depos- 
ition technique such as vapor-depositon in vacuo and electron beam vapor deposition, is determined by meas- 
uring the change of the resonance frequency of a crystal oscillator provided inside a vacuum coater (see Fig. 
3) accompanying the formation of the membrane followed by calculation using the density and the acoustic 
impedance ratio of the membrane. 

Further, the thickness of the organic layer and the negative electrode layer B, which are formed by the 
vapor-deposition technique, are determined in the same manner as in the discontinuous membrane. 

The effect of the present invention is further explained in more detail by comparing a monolayer type EL 
element comprising cathode A and Cathode B and a monolayer type EL element comprising cathode B only 
wherein the monolayer type EL element was formed by Spin cast coating. 

Example 17: 

A composition for a I ight-emitting layer was obtained by sufficiently mixing 2.00x1 0" 6 mol of the above men- 
tioned tight-emitting material (4), 1.28X10- 4 mol of the above mentioned hole transport material (IV) and 
7.00x1 0- 5 mol of the above mentioned electron transport material (El) added to 3.00 mol of toluene. 

Preparation of EL element: 

On a ITO grass substrate (made by Matsuzaki Shinku Co., ITO film thickness 2000 A, sheet resistance 
10Q/cm 2 ), is coated the above mentioned light-emitting composition by Spin Coater (Kyoei semiconductor K.K. 
IH-IIID) with a membrane thickness of 1500 A and dried at 60°C for 30 min. to form a light-emitting layer. 

On the fight-emitting layer so formed, gold is deposited as cathode layer A under vacuum of 5.0x1 (H Torr 
with a depositing rate of 0.1 A/sec in a film thickness of 20 A. Then magnesium as cathode layer B is deposited 
on it to form a film with a thickness of 2000 A. 

Measurement of EL element 

By using the ITO side as the anode and the magnesium side as the cathode, a bias of 20 V is applied to 
the above element. A luminescence showing a luminance of 60 cd/m 2 is confirmed as the average value of 
five elements. For determination of luminance, Luminometer LS-110 manufactured by Minolta Camera Co., 
Ltd. is used. 

Example 18: 

An El element is prepared in the same manner as in Example 17 except for using the above mentioned 
light-emitting material (5). The result is shown in Table 3. 

Example 19: 

An El element is prepared in the same manner as in Example 17 except for using the above mentioned 
light-emitting material (6). The result is shown in Table 3. 
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Comparative Example 9: 



10 



15 



An element is prepared in the same manner as in Example 17 except that the cathode layer A is not pro- 
vided. The result is shown in Table 4. 

Comparative Example 10: 

An element is prepared in the same manner as in Example 18 except that the cathode layer A is not pro- 
vided. The result is shown in Table 4. 

Comparative Example 11: 

An element is prepared in the same manner as in Example 19 except that the cathode layer A is not pro- 
vided. The result is shown in Table 4. 

Table 3 The figures in ( ) show membrane thickness (A) 



20 



Example Material for 
the emitting 
layer 



Material for 
the hole 
transport layer 



Cathode Cathode 
layer A layer B 



Luminance * 
(cd/m 2 > 



25 



17 

18 
19 



30 



4 
5 
6 



IV 
IV 
IV 



Au (20) Mg (2000) 60 
Au(20) Mg(2000) 12 
Au (20) Mg (2000) 3 



* When 20 V is applied 



35 



Table 4 The figures in ( ) show membrane thickness (A) 



Compa- Material for Material for Cathode Cathode 

40 rative the emitting the hole layer A layer B 

Example layer transport layer 



Luminance * 
(cd/m 2 ) 



45 



50 



55 



7 
8 

9 



4 
5 
6 



* When 20 V is applied 



Claims 



IV 
IV 
IV 



none Mg (2000) 25 

none Mg (2000) 0.7 

none Mg (2000) 0.5 



1. An organic electroluminsecent element (1) in which an anode (13), a hole transport layer (15), a light- 

12 
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10 



15 



emitting layer (17) and a cathode (19) are laminated in this order, characterized in that said cathode com- 
prises a metal block portion or portions (19A) comprising a metal having a high work function and a metal 
block portion or portions (19B) comprising a metal having a low work function, both of the metal block 
portions of the metal having a high work function and of the metal having a low work function being in 
contact with the light-emitting layer (17). 

An organic electroluminescent element according to Claim 1, wherein the difference between the work 
function of the metal having a high work function and the work function of the metal having a low work 
function is at least 0.4 eV. 

An organic electroluminescent element according to Claim 2, wherein the difference is in the range of be- 
tween 0.4 eV and 2.5 eV. 

An organic electroluminescent element according to Claim 1, or 2 wherein Ni, Au, Pt, Pd, Ag or Cu or an 
alloy thereof, is used as the metal having a high work function. 

5. An organic electroluminescent element according to Claim 4, wherein Ni, Au, Pt or Pd or an alloy thereof 
is used as the metal having a high work function. 

6. An organic electroluminsecent element according to Claim 1, wherein Al, Mg, Li or In, or alloys thereof is 
20 used as the metal having a low work function. 

7. An organic electroluminescent element according to Claim 1 , wherein the thickness of the thin metal film 
having a high work function is 2 A to 200 A. 

25 8. An organic electroluminescent element according to Claim 7, wherein the thickness of the thin metal film 
having a high work function is 5 A to 150 A. 

9. A process of the preparation of an organic electroluminescent element comprised of an anode, a hole 
transport layer, a light-emitting layer and a cathode layer laminated in this order according to claim 1, char- 
acterized in that the cathode layer is formed on the light-emitting layer by firstly depositing by vacuum 
deposition a metal having a high work function to such a membrane thickness to form a discontinuous 
membrane of the metal having a high work function and subsequently depositing by vacuum deposition 
a metal having a low work function on the metal having a high work function, whereby both of the deposited 
metal having a high work function and the deposited metal having a low work function are brought into 

35 contact with the light-emitting layer. 

10. A process of the preparation of an organic electroluminescent element comprised of an anode, a hole 
transport layer, a light-emitting layer and a cathode layer laminated in this order according to claim 1 , char- 
acterized in that the cathode layer is formed on the light-emitting layer by firstly depositing by vacuum 
deposition a metal having a low work function to such a membrane thickness to form a discontinuous mem- 
brane of the metal having a low work function and subsequently depositing by vacuum deposition a metal 
having a high work function on the metal having a low work function, whereby both of the deposited metal 
having a high work function and the deposited metal having a low work function are brought into contact 
with the light-emitting layer. 

45 



30 



40 



50 



55 
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LUMINANCE-BIAS VOLTAGE CHARACTERISTICS 
OF AN EL DEVICE DESIGNET NEW LAYER 
( [ITO/4MeTPD/Al0 3 /Au Mg] AND 
[ ITO/4MeTPD/Al0 3 /Mg ] ) 
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